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ABSTRACT 
A photovoltaic device with an efficiency that could break the theoretical limit, exceeding ~60% is the focus in the 
research field in recent years. The efficiency of three important processes in a photovoltaic device need to be ensured 
to materialize the goal i.e., electron excitations, injections and regenerations. A multiple exciton generation (MEG) 
mechanism has been proven to increase the photovoltaic conversion efficiency - achievable via usage of small size 
lead chalcogenides as main light absorber of the photovoltaic device. An efficient electron injection in an excitonic 
solar cell could be achieved upon fulfilment of the following factors i.e., (i) LUMOfluorophore > CBphotoelectrode, and (ii) 
small offset between the LUMOfluorophore and CBphotoelectrode. The opto-electronic properties of lead chalcogenide are 
tuneable based on its size and morphology. Therefore, a synthesis method that could control the size and 
morphology of the yielded lead chalcogenide plays an important role. This research investigated the effect of 
additional activated carbon (AC) to the yielded PbS using vacuum thermal evaporator method. The PbS thin films 
were fabricated with addition of AC with different surface areas i.e., 80 m2/g, 650 m2/g and 1560 m2/g using thermal 
evaporator at vacuum pressure of 1.0 × 10-5 Torr. The surface area of the ACs was determined using Micromeritics 
ASAP 2020 BET (Brunauer-Emmett-Teller). The morphology, elemental analysis, crystal structure, opto-electronic, 
electron injection efficiency and electrical conductivity of the PbS thin film was characterized using Field Emission 
Scanning Electron Microscope (FESEM), Energy Dispersive X-Ray Spectrometer (EDX), X-Ray Diffractometer 
(XRD), absorption spectrometer, photoluminescence spectrometer (PL), and Bridge Technology 4-point probes 
(4PP) respectively. The excited and ground states of the PbS, and redox potential of ionLic PMII electrolyte were 
determined using quantum chemical calculations at b3lyp/lanl2dz level of theory. Three important observations have 
been made i.e., (i) addition of AC with the PbS reactants affects the yielded morphology of PbS thin film, (ii) bare 
PbS/TiO2 device structure offers electron injection efficiency as high as 97% from the PbS to TiO2, and (iii) the bare 
PbS/TiO2 device structure would offer maximum VOC of ca. 1.7 V, however need to be paired with an electrolyte that 
possess oxidation potential of ca. -6.5 eV. 















This work is funded by the Research & Innovation Department of Universiti Malaysia Pahang and the 
Ministry of Education of Malaysia through the Fundamental Research Grant Scheme (RDU 150111) and 
Postgraduate Research Scheme (PGRS190346). The authors also acknowledged Magna Value Sdn. Bhd. 
for providing technical supports of the thermal evaporator. 
References 
[1] H.S. Choi, W. Liu, P. Misra, E. Tanaka, J.P. Zimmer, B.I. Ipe, M.G. Bawendi, J.V. Frangioni, Renal clearance of quantum 
dots, Nature biotechnology, 25 (2007) 1165-1170. 
[2] T.K. Chaudhuri, A solar thermophotovoltaic converter using Pbs photovoltaic cells, International journal of energy research, 
16 (1992) 481-487. 
[3] H. Preier, Recent advances in lead-chalcogenide diode lasers, Applied physics, 20 (1979) 189-206. 
[4] M. Ortuno-Lopez, J. Valenzuela-Jauregui, R. Ramırez-Bon, E. Prokhorov, J. González-Hernández, Impedance spectroscopy 
studies on chemically deposited CdS and PbS polycrystalline films, Journal of Physics and Chemistry of Solids, 63 (2002) 665-
668. 
[5] B. Sahraoui, Y. Boughaleb, A. Zawadzka, A. Karakas, V. Dordrecht, Advanced Materials for Photonics, Sensing and Energy 
Conversion Applications, Springer, 2014. 
[6] S. Kumar, T. Sharma, M. Zulfequar, M. Husain, Characterization of vacuum evaporated PbS thin films, Physica B: 
Condensed Matter, 325 (2003) 8-16. 
[7] C. Liu, J. Heo, X. Zhang, J.-L. Adam, Photoluminescence of PbS quantum dots embedded in glasses, Journal of non-
crystalline solids, 354 (2008) 618-623. 
[8] J.S. Steckel, S. Coe‐Sullivan, V. Bulović, M.G. Bawendi, 1.3 μm to 1.55 μm tunable electroluminescence from PbSe quantum 
dots embedded within an organic device, Advanced Materials, 15 (2003) 1862-1866. 
[9] D.V. Talapin, C.B. Murray, PbSe nanocrystal solids for n-and p-channel thin film field-effect transistors, Science, 310 (2005) 
86-89. 
[10] H. Zogg, K. Alchalabi, D. Zimin, K. Kellermann, Two-dimensional monolithic lead chalcogenide infrared sensor arrays on 
silicon read-out chips and noise mechanisms, IEEE Transactions on Electron Devices, 50 (2003) 209-214. 
[11] C.E. Tabor, F. Kajzar, T. Kaino, Organic Photonic Materials and Devices XXII, in: Society of Photo-Optical 
Instrumentation Engineers (SPIE) Conference Series, 2020. 
[12] H. Cao, G. Wang, S. Zhang, X. Zhang, Growth and photoluminescence properties of PbS nanocubes, Nanotechnology, 17 
(2006) 3280. 
[13] C.-W. Wang, H.-G. Liu, X.-T. Bai, Q. Xue, X. Chen, Y.-I. Lee, J. Hao, J. Jiang, Triangular PbS nano-pyramids, square 
nanoplates, and nanorods formed at the air/water interface, Crystal Growth and Design, 8 (2008) 2660-2664. 
[14] E. Leontidis, M. Orphanou, T. Kyprianidou-Leodidou, F. Krumeich, W. Caseri, Composite nanotubes formed by self-
assembly of PbS nanoparticles, Nano Letters, 3 (2003) 569-572. 
[15] J. Akhtar, Structural and Optoelectronic Studies of Lead Chalcogenide Thin Films and Nanocrystals, The University of 
Manchester (United Kingdom), 2010. 
Jo
ur
na
l P
re
-p
ro
of
